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Staple oligonucleotides and medicaments comprising the same 

Technical Field 

The present invention .relates to novel staple 
oligonucleotides, and medicaments comprising the same as 
the active ingredient. 

Background Art 

Oligonucleotides have been widely used typically as 
transcription factor inhibitors, antisense oligonucleotides 
and siRNAs. 

Of these, specific examples of the transcription 
factor inhibitors are molecular decoy nucleic acids (decoy 
oligonucleotide, hereinafter briefly referred to as 
"decoy") that specifically inhibit the activities of 
transcription factors regulating gene expression. 

The "transcription" herein refers to a process in 
which a messenger RNA is synthesized using a DNA as a 
template upon in vivo expression of genetic information. A 
protein is then synthesized based on the information of the 
messenger RNA synthesized as a result of transcription. 
Factors regulating the transcription are designated as 
"transcription factors" . 

Specifically, fifty-four transcription factors such as 
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NF-kB, STAT-1, STAT-2, STAT- 3., STAT-4, STAT-5, STAT-6, 
GATA-3, AP-1, E2F, Ets and CRE are known. 

Specific examples of the antisense oligonucleotides 
are medicaments each having a sequence paring with a target 
gene and inhibiting the expression of the gene. 

Specific examples of siRNAs are medicaments inhibiting 
the expression of a target gene by RNA interference (RNAi). 

These oligonucleotides structurally comprise double 
strands. 

Background art to the present invention is documented 
in Biochem Biophys Res Commun. 2003 Sep 5 ; 30 8 ( 4 ) : 68 9-97 , 
Gene Ther. 2002 Dec; 9 (24 ); 1682-92, and Circ Res. 2002 Jun 
28;90(12) :1325-32. 

Disclosure of Invention 

Problems to be solved by the present invention are 
that conventional oligonucleotides are opened at both ends 
and are thereby unstable, and that, when oligonucleotides 
are modified with phosphorothioate (S-modified) to elevate 
the stability against catabolic enzymes such as exonuclease, 
the phosphorothioate may cause toxicity. 

Specifically, the present invention provides the 
following substances and medicaments. 

(1) A staple oligonucleotide which is a single- 
stranded oligonucleotide comprising a 5' -end sequence, an 
intermediate sequence and a 3' -end sequence, the 5' -end 
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sequence having a reverse complementarity with the 
intermediate sequence, the 3' -end sequence having a reverse 
complementarity with the intermediate sequence and the 
intermediate sequence having loops at both ends, the loops 
each comprising three to ten nucleotides and not forming a 
complementary bond intramolecularly . 

(2) The staple oligonucleotide according to (1), 
wherein the single-stranded oligonucleotide has 30 to 70 
nucleotides in length. 

(3) The staple oligonucleotide according to (1) or (2), 
wherein the single-stranded oligonucleotide has 34 to 64 
nucleotides in length. 

(4) The staple oligonucleotide according to any one of 
(1) to (3), wherein the single-stranded oligonucleotide has 
38 to 58 nucleotides in length. 

(5) The staple oligonucleotide according to any one of 
(1) to (4), wherein the single-stranded oligonucleotide has 
42 to 54 nucleotides in length. 

(6) The staple oligonucleotide according to any one of 
(1) to (5), wherein the loops each have 4 to 6 nucleotides 
in length. 

(7) The staple oligonucleotide according to any one of 
(1) to (6), wherein the single-stranded oligonucleotide has 
42 to 54 nucleotides in length, and the loop has 4 to 6 
nucleotides in length. 

(8) The staple oligonucleotide according to any one of 
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(1) to (7), wherein the oligonucleotide is a DNA or a DNA 
derivative . 

(9) The staple oligonucleotide according to any one of 
(1) to (8), whose phosphate groups are not 

phosphor ot hi oa ted . 

(10) The staple oligonucleotide according to any one 
of (1) to (9), which is one selected from the group 
consisting of oligodeoxynucleot ides of Sequence No. 1 to 3 
of Sequence Listing. 

(11) A medicament comprising the staple 
oligonucleotide of any one of (1) to (10). 

(12) The medicament according to (11), which is a 
transcription factor inhibitor, an antisense 
oligonucleotide or an siRNA. 

(13) The medicament according to (12), wherein the 
transcription factor inhibitor is an antagonistic inhibitor 

(14) The medicament according to (12) or (13), wherein 
the transcription factor is one selected from the group 
consisting of NF-kB, STAT-1, STAT-2, STAT-3, STAT-4, STAT-5 
STAT-6, GATA-3, AP-1, E2F, Ets and CRE . 

(15) The medicament according to any one of (12) to 
(14), which is an agent for preventing, treating or 
improving inflammation, an allergic disease, an autoimmune 
disease, a central disease, reperfusion injury in a 
ischaemic disease, worsened prognosis after organ 
transplantation or organ surgery or restenosis after 
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percutaneous transluminal coronary angioplasty (PTCA) . 

(16) The medicament according to any one of (12) to 
(15), wherein the inflammation is arthritis, dermatitis, 
nephritis, hepatitis, renal failure, cystitis, prostatitis, 
urethritis, ulcerative colitis or Crohn disease. 

(17) The medicament according to (16), wherein the 
arthritis is chronic rheumatoid arthritis or osteoarthritis. 

(18) The medicament according to (16), wherein the 
dermatitis is atopic dermatitis, contact dermatitis, 
psoriasis, cutaneous ulcer or decubitus. 

(19) Use of the staple oligonucleotide according to 
any one of (1) to (10), for producing a transcription 
factor inhibitor, an antisense or an siRNA. 

(20) A method for preventing, treating or improving a 
disease against which a transcription factor inhibitor, an 
antisense or an siRNA is efficacious, the method comprises 
administering, to a patient, a pharmacologically effective 
amount of the staple oligonucleotide according to any one 
of (1) to (10) . 

The staple oligonucleotides according to the present 
invention are each a single-stranded oligonucleotide and 
have a staple-form structure (the shape of a staple after 
stapling) comprising a 5' -end sequence, an intermediate 
sequence and a 3' -end sequence, the 5' -end sequence having 
a reverse complementarity with the intermediate sequence, 
the 3' -end sequence having a reverse complementarity with 



the intermediate sequence and the intermediate sequence 
having loops at both ends, the loops each comprising three 
to ten nucleotides and not forming a complementary bond 
intramolecularly. More specifically, they have, for 
example, a structure represented by the following 
structural formula : 

A A 
A GGAGGGAAATCCCTTCAAGG A 
SEG *- 1 A CCTCCCTTTA IGGGAAGTTCC A 

A 1 A 

C A 



SEQ. 2 



C CAGGAGGGAAATCCCTTCAAGG 

T GGTCCTCCCTTTA |GGGAAGTTCC A 



T T T 

seq. 3 aaagggaaatcccttcaaga t 

t tttccctttaI gggaagttct t 

T n T 

wherein the vertical lines mean a non-binding site (5' end 
and 3' end) . 

The staple oligonucleotides may have any base length 
not limited but generally comprise 30 to 70 nucleotides in 
length, preferably 34 to 64 nucleotides in length, more 
preferably 38 to 58 nucleotides in length, and further 
preferably 42 to 54 nucleotides in length. 

The loops each comprise 3 to 10 nucleotides in length, 
and preferably 4 to 6 nucleotides in length. 
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The fold-back sequences at the 5' end and the 3' end 
(the sequences between the 5' end or the 3' end and the 
loop) can each have any base length but generally comprise 
4 to 20 nucleotides in length, preferably 6 to 18 
nucleotides in length, and more preferably 8 to 16 
nucleotides in length. 

The chain lengths of the fold-back sequences at the 5' 
end and the 3' end can be the same as (symmetric) or 
different from (asymmetric) each other. 

Oligonucleotides according to the present invention 
are not limited, and can be any of DNAs , DNA derivatives, 
RNAs and RNA derivatives, of which DNAs or DNA derivatives 
are more preferred. 

Specific examples of the staple oligonucleotides 
according to the present invention are 

oligodeoxynucleotides represented by Sequence No. 1 to 3 of 
Sequence Listing. 

The staple oligonucleotides according to the present 
invention can be obtained by synthetically preparing the 
target single-stranded sequence according to a conventional 
procedure using, for example, a DNA synthesizer and heating 
the same in a solvent. 

The term "phosphorothioate" in the present invention 
means a structure in which part or all of oxygen atoms in a 
phosphate group are replaced with sulfur atoms. 

The staple oligonucleotides can be used as medicaments 
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in any application. For example, they can be used as 
transcription factor inhibitors, antisense oligonucleotides 
and siRNAs. More specifically, they can be used as, for 
example, agents for preventing, treating or improving 
inflammation, an autoimmune disease, a central disease, 
reperfusion injury in a ischaemic disease, worsened 
prognosis after organ transplantation or organ surgery, or 
restenosis after PTCA. 

Specific examples of the inflammation are arthritis, 
dermatitis, nephritis, hepatitis, renal failure, cystitis, 
prostatitis, urethritis, ulcerative colitis and Crohn 
disease . 

The arthritis includes, for example, chronic 
rheumatoid arthritis (RA) and osteoarthritis (OA) . 

Specific examples of the dermatitis are atopic 
dermatitis, contact dermatitis, psoriasis, cutaneous ulcer 
and decubitus. 

While the dose and administration route of the staple 
oligonucleotides according to the present invention vary 
depending on the type and severity of the disease, symptoms, 
age and sex of the patient, complications and concomitant 
drug, are not limited, and are generally administered at a 
dose of 10 \iq to 10 g, preferably 100 jag to 5 g, and more 
preferably 1 mg to 1 g percutaneously , subcutaneously , 
intraarticularly, intramuscularly, intravenously or orally. 

Apart from the present invention, there are cyclic 
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decoys (dumbbell decoys) as disclosed in, for example, PCT 
International Publication Number WO 03/091432. However, 
the staple oligonucleotides according to the present 
invention each have a ring-opened site and are structurally 
fully different from them. 

According to the present invention, the instability of 
conventional oligonucleotides is improved to thereby reduce 
doses and improve safety. 

Brief Description of Drawings 

Fig. 1 is a graph showing the IL-lfJ level in culture 
supernatant twenty-four hours after LPS stimulation. 

Fig. 2 is a graph showing the IL-lp level in synovial 
supernatant twenty-four hours after LPS stimulation. 

Fig. 3 is an electrophoretogram indicating the 
stability of a staple decoy. 

Examples 

The present invention will be illustrated in further 
detail with reference to Examples below which by no means 
limit the scope of the present invention. 
Example 1 

Analysis of anti-inflammatory effects of staple 
oligonucleotides 

A. Quantitative determination of cytokine 
1. Treatment of synovial tissue 
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(1) the synovial tissue of a rheumatoid arthritis patient 
collected during operation was homogenized and inoculated 
(each 100 mg) onto a 24-well plate (serum free medium: 500 
jil /well) . 

NF-kB decoy and scramble decoy were transfected (HVJ 
envelope method) . 

(2) Ultraviolet treatment was conducted at 99 mJ/cm 2 
under the condition of HVJ 1 . lx 10 4 HAU/1.1 ml BSS 
(balanced salt solution (137 mM NaCI, 5.4 mM KCL, 10 mM 
Tris-HCl, pH 7.6).. 

(3) Each 1 ml was dispensed into 1.5 -ml tubes and was 
centrifuged at 4°C and 15000 rpm for 15 minutes. 

(4) BSS was- added to 200 \iq of the decoy to make 92 jj.1 . 

(5) 3% Triton X-100/TE Buffer solution (8 |li1) was added. 

(6) After centrifuging at 4°C and 15000 rpm for 15 
minutes, the supernatant was removed. 

(7) BSS (1 ml) was added and mixed, and the mixture was 
centrifuged at 15000 rpm for 15 minutes. 

(8) After removing the supernatant, the residue was 
suspended in 200 fil of PBS. 

(9) The decoy-HVJ envelope complex was added to the 
synovial tissue to 15 |iM, followed by incubation in a . C0 2 
incubator at 37°C for thirty minutes. 

Sequences of added decoys 
Double-stranded NF-kB decoy 

5' -CCTTGAAGGGATTTCCCTCC-3 ' /5' - GG AG GGAAATCCCTTCAAGG- 3 ' 
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(double strand) 
Scramble decoy 

5' -CATGTCGTCACTGCGCTCAT- 3 ' /5' -ATGAGCGCAGTGACGACATG- 

(double strand) 

Staple oligonucleotide (i) 

5' -ATTTCCCTCCAAAAGGAGGGAAATCCCTTCAAGGAAAACCTTGAAGGG-3 ' 

(ligated at one point) 
Dumbbell oligonucleotide (ii) 

5 • - ATTTCCCTCCAAAAGGAGGGAAATCCCTTCAAGGAAAACCTTGAAGGG- 3 ' 

(ligated at two points) 

2. LPS stimulation 

(10) The decoy-HVJ envelope complex was removed, 500 |H 
of 10% FBS-containing culture medium was added, and LPS was 
added to 0.01 ug/ml. 

3. Recovery of cultured mixture and synovial tissue and 

determination of IL-ip 

(11) Twenty-four hours later, the cultured mixture and 
synovial tissue were recovered. The synovial tissue was 
combined with 500 ul of PBS and homogenized using a 
homogenizer. After centrifuging at 5000 rpm for ten 
minutes, the supernatant was collected and then stored at - 
20°C until the determination of IL-ip. 

(12) The IL-IP levels of the culture supernatant and 
synovial supernatant were measured with the IL-lf* ELISA Kit 
(ENDOGEN, Catalogue Number: EH21L1B) . 
4 . Result 
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-1(3 level in culture supernatant (pg/ml) (see Fig. 1) 
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-1(3 level in synovial supernatant (pg/ml) (see Fig. 2) 
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NT: Untreated group 

SC: Scramble decoy-administered group 
NF: NFkB decoy-administered group 

Rl: Staple oligonucleotide (ligated at one point) 
R2: Dumbbell oligonucleotide (ligated at two points) 

In the staple oligonucleot ide-administered group, the 
productions of IL-1P in the culture supernatant and the 
synovial supernatant were inhibited. The staple 
oligonucleotide ligated at one point showed a higher 
inhibitory effect (in this experiment, the double-stranded 
NFKB acting group showed a lower inhibitory effect). 
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The entire process of the quantitative determination 
of cytokine will be illustrated below. 
Process 



Cultured synovial tissue of RA patient 
Transfection with decoy (HVJ envelope method) 



Stimulation with LPS 

24 hours \. 24 hours 




( 1 ) Culture supernatant Homogenization of synovia 
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Centrifugation 
(5000G x ]0min) 



(2) Supernatant 
ELISA (IL-1 j3 ) 

Example 2 

B. Stability test of dumbbell decoy (see Fig. 3) 

Object: Comparison of tolerance in synovial fluid (as 

intact) between decoys 

Sequences and experimental conditions: 

1) Phosphorothioated double-stranded decoy 

2) Phosphorothioated staple decoy 

3) Non-phosphorothioated staple decoy (without S- 
modif ication) 

4) Single-stranded decoy (a precursor of a staple 
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oligonucleotide before ligation) 

5) phosphorothioate-terminated single-stranded decoy (a 
precursor of a staple oligonucleotide before ligation but 
after phosphorothioation at both terminals alone) 

To each of these decoys was added the synovial fluid 
(as intact) to 0%, 50% or 100%, and the stabilities of the 
decoys were determined and compared by electrophoresis. 

Result: In the synovial fluid, the phosphorothioated 
double-stranded decoy 1), the phosphorothioated staple 
decoy 2), and the phosphorothioate-terminated single- 
stranded decoy 5) were stable; the non-phosphorothioated 
staple decoy 3) was almost stable; and the single-stranded 
decoy 4) was decomposed. 

Specifically, the phosphorothioated double-stranded 
decoy 1) and the phosphorothioated staple decoy 2) were as 
stable in the 100% synovial fluid as in the 0% mixture 
(without addition of the synovial fluid) . 

The non-phosphorothioated staple decoy 3) decreased in 
stability depending on the concentration of the synovial 
fluid, but remained in a sufficient amount to be detected 
even in the 100% synovial fluid. 

In contrast, the phosphorothioate-terminated single- 
stranded decoy 4) and the single-stranded decoy 5) showed 
lower stability in the synovial fluid as compared with the 

decoys 1 ) to 3 ) . 

In comparison between the phosphorothioate-terminated 
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single-stranded decoy 4) and the single-stranded decoy 5), 
the phosphorothioate-terminated single-stranded decoy 4) 
showed a trace amount of stable decoy even in the 100% 
synovial fluid, but the single-stranded decoy 5) showed no 
stable decoy even in the 50% synovial fluid. 
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